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INTRODUCTION 


The following account of mining »ractices of the Kirtland Lae Gold 
wining Co., (Ltd.), at Kirkland Lele, Ontario, is one of e series of >a ers 
o¢ing vrevared by the United States Bureeu of Mines on mining »ractices, 
methods, and costs in various districts. 


The euthor has »revured this saxer with the hely and nerimission of 
J. B. Tyrrell and W. M. Sixt, the manag ing director and the mine manager, 
resovectively. 


This mine is onerating at a daily rate of about 150 tons. 
HISTORY 


: . the first gold discovery in this car) ves in 1911 on a claim wnich 
is now nart or the Wrignt-Harcsreeves mine. In tne following months the 
Touzh-Oai:es ras staked, and by the sumzer of 1913 all the oresent »roducers 
vere being exnlored. 


In 1915 the Tough-Oat:es care into  :roduction with a 1l25-ton mill. 
Since then the other oroducers heve sradueily come into vroduction and have 
increcsed until the resent ovtout of the ca is apcroximately $1,700,000 
oer month. 


Tne mill ves built on tnis oroverty in 1919. Some changes, though 
no major ones, have been made in the flow sneet in the past year, due to th 
nigher zrede of ore being haudled. 

1 The Bureau of itines will relcome revrinting of this vaver, vrovided the 
following footnote acimovledgment is used: "Revorinted from U. S. Bureau 
of Mines Infomnation Circular 6490." 

< One of the consulting engineers, U. S. Bureau of Mines. 
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GEOLOGY 


The geology of the cam> has been covered in a comprehensive renort 
written for the Ontario Department of Mines. by. E. W. Todd. The rocks in the 
camo are all a aa and the overburden is not excessive. 


‘The Keeratin end Pentidicaktas bat ationa are ‘intruded ty eseen | 
rocks along a major synclinal structure, which is traceable for many miles. 
The Alsoman rocks on this proverty are lamprovhyre, .syenite, and porphyry. 
In the camp there are three Algoman diabase dikes which rvn transversely to 
the fault zone and are there displaced. The main mass of rock on tails 
proverty is lampronhyre. This rock is cut by the more acid syenites and 
pornhyry. These acid types are more oredominant at depth. 


The faulted zone, which contains the veins of the camm, strikes ritn 
the syncline. Movement or displacement on the faulted zone can be mezsured by 
observation of the beds of Temislkaming conglomerate and tuff. This dis>lace- 
ment is reversed faulting, causing elevation of the south side of the fault. 
The distance of displacement is asnroximately 1800 feet vertically and 120 
feet horizontally. 


Metal-bearing solutions were injected subsequently to this faulting. 
Postore faulting has not been proved on this property. The denosition of ore 
aoparently depends more upon the character of oe fracturing in the roccs than 
upon any other single factor. 


PHYSICAL CHARACTERISTICS OF ORE AND DVCLOSING ROCKS 


Tne fault zone ranzes in vidth from a fer feet to 100, and ore way 
be found on mud slips which occur throughout this zone. In nlaces tne ore 
extends from wall to wall of this zone. 


The ore bodies are usually roughly lenticular and longer vertically 
than horizontally. The ore shoots or lenses in practically all cases ras 
west going dovm and occur in echelon formation. They range from 30 to 300 
feet in horizontal length and 100 to 500 feet along the long axis. The 
width varies un to a maxim of 30 feet. Figure 1 illustrates the occwrrence 
of ore shoots within the shear zone. 


Tnere is no apvarent change in general div at the present depth of 
4300 feet. The majority of the veins vorlzed have been on the hanging wall or 
footwall of the nearly vertical faulted zone and therefore have a fairly stee. 
din. Some high-grade veins dio at a rmch flatter angle. 


The ore usually consists of the country rocks imoregnated vith and 
replaced by quartz which has been hizhly fractured. 
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The rocl:s in:the ore zone are highly fractured and cre cut into 
dice’:s by intersecting faults or mud seams. In mining, orectically no trouble 
hes been experienced as a result of deoth on the vein system itself. kHorever, 
in crosscutting at the bottow levels it has bcen found that excessive straia 
exists in the vicinity of vornhyry dikes in the lemmroohyre mess. This strain 
releases itself by roc: bursts, ririch have occasioned some little trouble. 


No marked change has eon encountered in the character of mineral- 
ization, although more tellurides may occur at the bottom levels. The 
iineralization is very fine, and visible gold rarely occurs. 


MiTHODS OF PROSPECTING. AND EXPLORATION 


When the faulted zone is penetrated in crosscutting it is samoled 
across the full width, and a drift is driven along the most  romising frac- 
ture. Usually the footrall mod seem is follored, as it has been found tnat 
most ore bodies will am»ear on this fracture at some part of their develo>- 
iment. Horever, there are notable exce: tions to this rule. 


The face of the drift is sealed daily. Daily test holes are’ 
drilled into the walls so thet develorment may be directed most intelligently. 
After drifting is comoleted on a level, diamond drilling is done laterally to 
explore the full width of the ore zone. Any favorable core samples are 
checized up by crosscutting to them. : an 


In addition to diamond drilling it is the usual practice to run 
crosscuts through the fractured zone at intervals of a onroximately 300 feet. 


METHODS OF SALPLING AND ESTIMATION OF TONWAG"S AND VALUS 


The test~hole samples which are taxen in exoloration drifts are 
supplemented by test-holing: in stopes. <All cut semoles talen underground are 
cut with the mofl; ‘ The ore usually cen be determined only by assaying, and 
therefore all sammles are in short sections. 


Level plans are made on a scale of 1 inch to SO feet. The 
seological data and drift assays are »nlottcd on tracings made from these 
plans. Vertical projections of the stones are nade on a scale of 1 inch to 
10 feet, and stone assays are clotted on them. These stone plans are made 
froo measurerents taicen by the sampler; and stopes are surveyed with the 
transit only in special cases. 


Ore and rock are estimated at 12 cubic feet ver ton in vlace 
and gO cubic feet per ton brolzen. 
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METHODS OF DEVELOPiiauT AND MINING 


Explorat ion 


During the past year a very heavy develomment vrogram has been 
carried on. A system of raises has been driven, to comolete an outlet in- 
dexendent of the shaft, and this work has been charged to development and 
exoloration. Upon adding this to an unusual amount of shaft sinning and 
other development, the total is very high. The average number of “z2chines 
per shift has been 7, and of these 4 and often 5 have been on development work. 


The early develomment of the mine vas from No. 1 shaft, which now 
extends to the 900-foot level. Later the present main shaft vas sunx to the 
2,475-foot level. <A winze was sunk from a point some 400 feet south of the 
main shaft on the 2,475-foot level. This winze is now dorm to the 4,3500-foot 
level and is being sunis deever. All shafts and winzes are vertical. The - 
level interval is 125 feet. Figure 1 is a sketch map of the 3,875-foot level, 
showing the method of develomnent and the shape and occurrence of the ore bodie: 


Shafts and Winzes 


No 1 shaft is a 2-comoartment shaft, 9 feet 8 inches by 5 feet 

8 inches, outside dimensions. This shaft is now used only as a downcast air 
passage and emergency ladder road. The main shaft is a 3-commartment shaft 
and is practically the same in detail as the winze. The winze from the 2, 475- 
foot level is 3-comartmuent. The outside dimensions are 14 feet 4 inches by 
6 feet 4 inches. The vall vlates and end plates are of 8 by 8 inch and the 
dividers 6 by 6 inch soruce timbers. The sets are normally placed on 6-foot 
centers, and #inch hanging rods are used. Bearing timbers 10 by 12 incies 
are olaced below each level. 


In the uoner parts of the mine it ves not found necessary to lag 
the shaft, but at the lower denths the shaft is lagged completely and filled 
with cedar blocking. It has been found necessary to shorten the soacing of the 
sets to 4-foot, 3-inch centers, due to the fact that pressure bursts occur at 
or near the contacts of porphyry dylces in tne lampronhyre, and it is found 
necessary to install a set of timbers as soon as there is headroom in tne 
bottom of the winze. <A steel blasting set of 16-inch I beams is hung below 
the timber, and a bullhead is maintained over the men one set above the 
blasting set. , 


The round, as drilled in the hard roc: at the >resent horizon, con- 
Sists of 50 holes. Tne cut is a V in the center of the shaft. The cut is 
drilled with 8-foot steel and the square-up with 6-foot. 
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Figure 1.— Sketch map of 3,875-foot level, showing method of development 
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Figure 2.—Sketch of dumping arrangement for sinking 
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The machines used are heavy drifters, S70 Rand (4-inch piston) and 
SL15 dolman (32-inch piston). It has been found that lighter machines can 
not compete with these in the hard rociz. Two machines ere used on crossbars. 
The steel is 1 1/8-inch hexagon. Five and six changes ere emoloyed, with a 
gaze interval of 1/8 inch. Smooth shanks and tenoets are used. 


The vori: has been carried on recently in three 8-hour shifts a dar. 
Bach shift does rhatever ror: is at hand. Delays due to the uncertain nature 
of the ground have been found to upset any schedule of onerations vhich might ~ 
be mlanned. Each shift consists of a leader and four men. Drilling off taxes 
ayoroximately 9 hours. 


Blasting is done with electric delay cans from a 110-volt A.C. cir- 
cuit. About 150 pounds of 4€-per cent Forcite (gelatin dynamite) is used to 
around. Muccing out a round requires about 12 hours. 


Miuching is done by hand into 15-cubic foot buckets. No crosshead 
is used in hoisting. The compartment used for hoisting 1s lined flush with 
l-inch plank, and a #inch nonrotating cable is used in hoisting. The bucket 
has a chain bail and is so shaped as to offer the least chance of catching in 
the timbers. Dumping is accommlished by means of a ball and chain attached 
to the bottom of the bucizet. A door is lovered across the compartment by 
means of a windlass or air piston, end the buc’xet is lowered until the ball 
is enzaged by a slot in the door. On further lorering, the bucket drovs into 
the bin and dumps. A sketch of the dumping arrangement is shown in Figure 2. 


Timbering, which must be done after every round, requires about 
8 hours. In the main shaft the cycle was much shorter. A round a day could 
be taken ovt on two shifts, and timbering wes done once a weex, usually on a 
snecial Sunday shift. | 


Station cutting at the lover levels is simple. The station is 
driven 7 feet high, and the back scales off sufficiently to give headroom at 
tne shaft. After sloughing off the station baci is timbered. 


Drifts and Crosscuts 


Crosscuts are driven 7 feet high by 6 feet wide. No timbering is 
necessary, es the ground will stand. At lower levels frequent scaling is 
imperative until the roof becoues arched. 


Waere sneed is essential the crosscuts are driven on a 3-shift 
program. Four wen on a shift - two machine men and two muockers - drill, 
blast, and muck one round per 8-hour shirt. The men either use a crossbar or 
muck baci and set up a vertical bar, at their own cnoice. The heavy-tyne 
machines emmloyed in the shaft must be used to gain the drilling speed 
necessary in this work. | | 
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here. snecd is act 80 essential é sbatiawaus 3-shit rogram is - 
adonted. There are tro m machine men on each shift, and thev drill or ume. as 
required. Nore advence ver round can be made this vay, as the drilling saitt 
does not need to muc?z bac’: and can ‘slace its holes to more advantage. About 
75 nounds of 40-ner cent Forcite is used »er round. 


Drifting is done in the same manner as crosscutting, altuougn the 
width of drift may very according to the width of ore. The drilling is 
usually easier, and fever holes are required to break the same amount of 
ground. The advance oer shift is greater than in crosscutting. 


Raising 


Raising ig done vith drifters of the lighter tyye. Prectically ell 
raises are inclined at 45 or 50° and are untimocred. The dimensions are 
about 5 feet by 5 feet. A diamond cut is drilled. 


Stoning 


The stoping carried on in the vast has veen all shrinicase storing 
with timbered backs. The mine is ex.erimenting with otner.metaods at aresent. 
Some method of cut end fill will »rob-bly be adopted eventually. In one 
small stone a modified cut-and-fill method with hand sorting ‘of ore is oeing 
used. This is 2 snecial method adopted to fit special conditions. 


| In shrinieze stoping the bac.:s of the drifts are all tiunbered, and 
chutes are spaced on 10-foot intervals. Round spruce obtained locelly is 
used in stone timbering. Manvays, 4 by 4 foet; are carried w> to 50 feet. 
above the level. Reises are driven in the ore from this neigat to tuc lcvel 
ebove. Work is then carried on from the waver level, aad one ~anvay Leot 
open for the disnosal of steel and for other service. 


In stoping it is the practice to leave about 2 feet of ore. on the 
walls. This will slough off and keen the walls in better shane than if 
blasted off. The valls are usually faulted and fairly szooth, but if they 
are broken the roc? will not stay in place, cs it is ver7 vale as 


Drillinz in stones is done rith ariftor machines nawine 32 inch 
pistons. These machines ere somerhat lighter than those exmloyed in develo 
ment. Flat breast holes are drilled. Tne de sth of holes ranzes to 10 feet, 
ia aaa uson the vidth of the ore body. 


Blasting is done at the end of the shift. pith £O-per cent Forcite, 
No. 8 detonators, and, safety BEER | 6 


Except in the instance mentdoned no sorting is done in tie stoves, 
end blockholing is unnecessary. 
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Figure 3.— Standard ore chute 


I. C. 6490 


Pillars are left very rarely. 


Sills are recovered by xininz directly belov the old timber and 
retreeting toward the shaft. The ennty store ebove rill usually stend uo 
long enough to allov this »rocedure. 


Sloughing of vaste from tno rells is mostly in the form of very 
large blocis, which will hang in the stove and allow practically all tne 
ore to be removed. 


Underground daulage 


The chutes in the stopes are of simole, cheay construction. 
Soruce legging, 6<inch diameter, is used for the bottom and sides and the 
ueadblociz is lé-inch round. These are illustrated in the accomnanying 
sketch, Figure 3. 


Hand-traiming is used throvghout the mine. The cars are of the 
end-~dumo type, roller bearing equinzed, of 20-cubic feet canacity. io 
mechanical loading eouimment is used. Cars are noisted to surface on cages. 
Provision hes been made in the station layout for the installation of sixins, 
but these are not necessary at present. 


The hoisting is in two stases, as sreviously noted. The installe- 
tion on the main shaft is an Ingersoll-Rand hoist of the motor-driven double- 
drum tyne. Tie rope sneed is 1090 feet ver minute. The hoist canacity is 
12,000-pounds pull. Langlay’ flattened-strand cable 1 inch in diameter is 
used. Two cages run in balance. One dru is clutched to vermit single 
noisting if necessary. 


The winze hoist is of the same tyne, with a rove sveed of 1500 
feet ver minute and a capacity of 12,000 nounds. Both drums are clutched in 
this hoist. The roof of the hoist station on the 2475 level is timbered, and 
this timber is supported by columns of 6-inch nine. The transformers are > 
housed in a special chamber with a fireoroof door. This transformer room is 
ventilated by a small fan rhich su dolies air through pipes that are auto- 
matically sealed if an abnormally nigh temocrature exists at the transformers. 


Percentage of sxtrection 
In shrinkage stoping dilution is high, at least 30-pner cent, due 
to the character of the wall rock. As the majority of the stopes are rather 
Small it will not pay to change at »resent, but in larze stopes the loss of 


ore and the lorering in grede by dilution wovld be so great as to necessitate 
usé of another system. At present wractically all ore broken is recovered. 
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WAGS, CONTRACT, AND BOUUS SYSTEMS 


Wo contract or bonus sjstez is emoloyed in this mine, as a regular 
‘oractice. In special instances a footece bonus is aid in development ror. 


All men at the same tyne of wort: ee es tire sane nay, regardless of len3th 
of service. 


Tne scale of rages follors: 


SUPT ACs. scree bow & yaaa ; $5.75 
Helpers and mucizers ..... 4.20 
liachine men, timber men... 4.75 
Po tan ie ae cal <0 Ea eer eer eee 7.00 


Natural ventilation is sup .lemented by a fan on the 3,225-foot leve.. 
During the oast year a series of ventidation raises vas driven kG Torm a dcrz- 
cast air vessage. These raises connect the old No. 1 shaft rith tne fan. 
Where the downcast »assage is connected vith tne upcast side by old vor-sin:s 
a door is installed. Thus both the main shaft and rinze are uncast. The icn 
forces the fresh air through a l2-inch galvanized nine to the bottom of the 
winze. A connection is availeble at eacn intermediate level to allow for 
taxing off a rezuleted amount of dorncest air. The fan canacity is 35C0 
cubic feet rer winute. 


Lificient ventilation is necessary at denth due to the nigner . 
temerature of the roc. This increase in tem erature, combined vith the 
increased barometric »ressure, ceuses uncomfortable woricsing conditions if 
ée supsly of fresh, cool air is not available. The increase in roc: temere- 
ture in tais mine is 1° for every: 148 feet of devth. The roc temmereture 
at 4390 feet is 69° F. | 


Provision is made for a Supine un of the air pining in the sheft 
and an increase in canacity of tne fan. 


PIRG ny 


Due to mine conditions the fire aaeana underground is small. All 
vaste timber end powder-box refuse are brovzht to surface. 


No magazine is sinteinetame noua. and no wore than 300 xounss 
of exolosive is stored in any one »nlace. The amount of exslosives and 
detonators required is ta-cen untlerzround daily. 


9486 aS ae 


Google 


I. C. 6490 


The vinze hoist station, which is timvered, is nrotected from fire 
b> a sorincler sstem which is turned on daily. This also wets down the worer 
tusbers in the rinze. Both main sheft and vinze are drivping ret. This is 
adviscble not only for fire »srotection but to »revent decay in the tiabers, 
as the varm uncast air vould cestroy dry timber in a suort time. 


The main fire danger is ta-t men vovld be tranved wnderground by a 
surface or brush fire. A sprinxler system is installed in the main-shaft 
needframe, and extensive fire-fighting equimment is maintained on the surface. 


Refuge stations ere installed at intervals throughout the mine. 
Tiese consist of cbandoned drifts and rorings, walled off anda made gas- 
roof by doors. Food and vater are sept in these stations at all times, and 
the men are trained to go there at the elarm of fire rather than attemnt to 
climo to the surface. | 


The alarm can be given in the mine by the introduction of Ethyl 
mercantan, a stench commound, into the commressed-air stream at the surfece. 


SAFETY wETHODS AND FIRST AID 


All forexen and bosses are held resnonsible for the safety of the 
en under their charge. 


A first-aid room is maintained adjoining the mine office, and cer- 
tain members of the office st-ff are trained in first aid. 


ADMINISTRATION OnGANIZATION 


The mine organization is as follows: 


luaster Mechanic Zlectrician mill 

| | | | Accountant Swot. 

waciine Hoist- Car ven- , ine J 

shon ing tering Assayer Time- Store- 
7 Suiit Shaft Sarmler -eener .zeener 


bosses forenen 
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mee maneger ans direct contact ~ith ali denartcrent neads. 


The master mechanic attends to all mechanical repair vork anda 
maintenance. He is machine-snop foreman ard suvcrvises hoisting, sencral 
surface roriz, end corpentering. 


The electrician ig responsible. for all electrical vor':. 


The mine foreman .4s directly pesponsitle for oll mining details. 
All zen going uncersround are under his direction. He has a shiit boss on 
each shift and a shaft-sinicing foreman to assist hin. 


The mine engineer oversees all engineering. work. Surveying, 
assayiig, direction of diamond drilling, and keeping of plans and assay 
records are in his department. The gampler works under the supervision 
of the engineer and mine foremaa jointly. 


The mill superintendent has control of crushing, milling, and 
refining. 


Toe mine eccountant has a timekeever and storekcevcr under iis 
suvervision. 


COSTS 


In Tables 1 and 2 the costs are based voon a full month's vor.t, — 


mining, raising, sinking, crosscutting, and drifting. In Table 3 revressnts:- 


tive periods of develourent work rere ta.cen from the same month. 


Table 1.- Sumaary of Costs 


Kirkland Laize gold mine. | Period, June 1 to July 1, 1950. 
Hoisted during period - 4,108 tons, ore. 
do 65531 tons, ore and waste. 


Broken during period - 4,712 toas, ora. 
Mining method ~ Shrinkave stoving 


Underground costs 
Per ton of ore hoisted 


Conn. Per toa 
ore and 
Total] waste 
hoisted 
Develomment $1.49) $0.10 $1.79 
Mining 77 .07 1.02 
Trans vortation 
and hoisting 1.17 -06 1.Ci 
General: 
(a) Underground) .04 Ql; - - 05 - - - - . 04. ~C9 
b) Surface 45| - = - = -~ -| -- - - O07 cs 
Zotal | 3.92] aati | 45] SO] 6.76] 4.25 
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Rircclané Letze gold mine. Period, June 1 to July 1, 1930. 


Hoisted during »eriod - 4,108 tons, ore. 
do 6,531 tons, ore and 
| vaste. 


Mining method - Shrinkage stoping 


ae a 
ment Minin Total 


A. Labor: 
Brealing ..... man-hours per ton of ore noisted 
Timbering .... do 
Shoveling .... do 
Heuling ....e- do 
Suvervision .. do 
General ...... do 
Total labor. | do - 
Average ver man snift...... cow eeccscveveeee LONS 
LADOr yer cccccrcceserseceeever cent of total cost 
B. Pover and say lies: 


Exvlosives, 40/.: . .. : 
Forcite.........lbs. (per ton of ore hoisted) 

Timber.......board ft. ( do 

Total vower....-ho. he do ) 


Other suoplies...ver cent of total sunolies and 
power 


~ 


Suvolies and power...... ener cent of total cost 


C. Per cent of total cost 
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Table 3.- Summary of Develorment Costs in Units of Labor, Porer, 


ond Supplies 
<irixland Lake gold mine. | 1930. 
Size of excavation ....ceccccccssceveses eee (6' x 7! 
Timbered, or’ not ......cceeue- ee ee ere ee Not Timbered 
Physical pronerties of rock sie Bae alae ae -«|/Hard to | Hard to 


drill, drill and 
easily | break 


brolzen 
A. Labor: 
Breaking .......... ». man-hours ner foot; 4.0 12.7 
Timbering .......... : do ll.2 | 
Shoveling ..... ree do 3.9 16.9 
Hoisting wcscsservae - do 2.6 28.8 
Sunervision ........6. do 25 1.4 
General ..ccs..seee oe do 1.0 12.8 
Total labor ...... do 12.0 835.4 
Feet »er 8-hour shift errr ee eee Secsee|, “Sac 1.0 
. Feet per 8-hour man-shift ......... eee 06 09 
B. Powe sunpiies: 
Exnlosives, 
40% Forcite..... lbs. (per ft. advanced)] 16.9 
Timber.....eboard ft. { do 
Power - air com- 
pressor.......hp. h. ( do )|129 
Hoisting .o..-- do ( do )| 76 
Other sunplies, per cent of total vover 
and supplies ........... ree ee ee -| 38.3 
CO. Labor....... cooseeess per cent total cost} 50.6 
Power and sunplies... do 49.4 
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